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Aliphatic Fluorine Compounds 
By E. B. TOWNE* 


Rapid expansion in the field of aliphatic 
fluorine chemistry during the past dec- 
ade was further accelerated by war de- 
mands for the thermally stable, chemi- 

cally inert organic compounds of fluorine. 
The extent of war-inspired research on 
fluorine chemistry is attested to by the 
fact that the entire issue of “Industrial 
and Engineering Chemistry” for March, 
1947 was devoted to this subject (1). 

Outstanding among these develop- 
ments are improved fluorine cells, mak- 
ing fluorine readily available for the first 
time, and a new method of direct fluori- 
nation using cobalt trifluoride or silver 
difluoride. The latter process comprises 
passing a vaporized hydrocarbon, di- 
luted with nitrogen, over a bed of cobalt 
trifluoride at 225°-350°C. at which tem- 
perature the cobalt trifluoride is con- 
verted slowly to cobalt difluoride. 
The liberated fluorine completely and 
smoothly replaces all hydrogens and 
saturates the double bonds of the hydro- 
carbon molecule. The compound thus 
formed, containing only carbon and flu- 
orine, 1s called a fluorocarbon. This new 
method has made possible the prepara- 
tion of many higher fluorocarbons, such 
as perfluoroheptane, C;Fis, which were 
unknown previously. 


CoF3 
C;Hie —> C:F ie + HF + Cok, 
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Fluorocarbon chemistry has great possi- 
bilities, and the use of these compounds 
as high-temperature lubricants, insulat- 
ing fluids, and polymer intermediates 1s 
being studied. 


Commercial Fluorine Compounds 


The earliest industrial application of 
aliphatic fluorine compounds was the 
development of the Freons as commer- 
cial refrigerants in 1930 (2). Freon, 
CCl.F., and the related chlorofluoro- 
methanes and ethanes are ideal refriger- 
ants, being chemically inert, nontoxic, 
noncorrosive, and easily compressible 


gases. They are prepared by the substi- 


tution of fluorine for chlorine in the com—— 


mercially available carbon tetrachloride 
and related compounds. 


SbF3 
CCk + HF —~> CCl:F2 (Freon 12) 


Economical production of the Freons 
depends upon a cheap, continuous 
method of making hydrogen fluoride, 
which is now available. Hydrogen flu- 
oride is used today in large commercial 
quantities in the refining of petroleum 
and in the production of luydrocarbons. 
In contrast to the extreme stability of 
polyfluoroalkanes, monofluoroalkanes 
are quite unstable. 

A more recent commercial application 
of aliphatic fluorine compounds was the 
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development in 1941 of Teflon, a super- 

resistant tetrafluoroethylene polymer, 

by E. I. du Pont de Nemours & Co. 

(1,3). One commercial method of prepar- 

ing the monomer utilizes the reaction: 
pressure 


2CHCIF: —> CF: = CF: ———> polymer. 
A A 


Extensive investigation of the polymeri- 
zation of other fluorinated olefins 1s 
going on apace. 


Pioneering Work of Swarts 


These commercial developments and 
the concurrent scientific investigations 
of aliphatic fluorine compounds carried 
on during the past. twenty years are 
greatly indebted to the painstaking and 
thorough pioneering research of the Bel- 
gian chemist, Frederic Swarts (4). From 
about 1890 until his death in 1940, he 
and his students contributed scores of 
papers on the preparation and proper- 
ties of aliphatic fluorine compounds. 

One of Swarts’ contributions was the 
preparation of aliphatic fluorine com- 
pounds by the substitution method, us- 
ing antimony trifluoride, silver fluoride, 
mercurous fluoride, and other fluorinat- 
ing agents; others included the prepara- 
tion of fluorinated alcohols, amines, 
ethers, esters, acids, anhydrides, acid 
chlorides, amides, ketones, halides, and 
olefins. The following equations illus- 
trate some of these reactions and the 
chemistry involved: 


SbF3 
CHBr2CH2Br ——> CHF.CH:2Br 


HgO 
CHF:2CHe2I ——> CHF.CH.0H 


O 
CHF2CH2OH ——> CHF:COOH 


O PCI; 
m-NH2CseHsCF; ——> CF:;COOH ———> 


NHsOH 
CF3;COC] ————> CF;CONH: 


dil. acid He 
CF;COCH2COOC:H; ————> CF:;COCH; —~> 


PBrs 
CF;CHOHCH; ——> CF3;CHBrCHs; 


NHs3 
CHF.CH.2I ——~> 


CHF:CH2NH:2 and (CH F2CH2)2NH 


— HBr 
CBrF:CH:Br ———> CF:=CHBr 


Zn 
CBrF2CH:Br ——~> CF2= CH2 


CH3:Mgl PBr3z 
CF;COC;Hi ——— CF 3(CHs)2: COH —> 


— HBr 
CF3(CH3)eC Br ———> CF;3(CHs)C = CHe 


NaOCe2Hs 
CBrF.2CHe2Br > C,H;OCF2CH:2Br 
[Pt] 
(CF;CO).0 ——> CF;CH2OH 
He 





Swarts also correlated the physical 
constants of these fluorine compounds, 
showing the influence of fluorine on the 
boiling points, densities, and refractive 
indices. The replacement of each bro- 
mine atom by fluorine lowers the b.p. 
about 70°C.; the replacement of each 
chlorine atom lowers the b.p. about 
40°C, 

The extreme negativity of fluorine 
greatly influences the chemical proper- 
ties of fluorinated functional organic 
compounds, such as acids, alcohols, and 
amines. For example, trifluoroacetic acid 
is a very strong acid. Trifluoroethyl and 
difluoroethyl alcohol are quite acidic, 
while the corresponding amines are very 
weak bases. Gilman and Jones (5) have 
prepared trifluoroethyl amine, which is a 
sufficiently weak base to form a diazo 
compound. 


He HNO» 
CF:;CN — > CF;CH:NH2 ———> CF;:CHN2 


Taking up where Swarts left off, 
Henne and co-workers, since about 1930, 
have extended aliphatic fluorine chemis- 
try to the propane and butane series and 
have developed many new methods and 
techniques (6). Outstanding contribu- 
tions have been the preparation and 
actinic chlorination of the compounds 
CF;CH.CH; and CF;CH.CH.CHs, 


the use of mercuric fluoride or a mixture 
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of mercuric oxide and hydrogen fluoride 
as a fluorinating agent, a new method of 
preparing fluorinated acids, the addition 
and substitution of chloro-olefins by hy- 
drogen fluoride, and the addition of 
fluorine to chlorinated olefins by reaction 
with lead tetrafluoride. 


HF 
CCl, =CHCH:CHs ——> 


light 
CF3;CH2CH2CH:; +Clzs ——> 


CF3sCH2CH2CH2Cl and CFsCH2CHCICHs 


HgF2 
CHCl].o.CH:CH3; ———> CHF:CH2CHs 


HgO + HF 


CCIls;CHCICHs > CF;CHCICHs 





O 
CF3:CCl=CCl, ——> CF;COOH 


HF 
CCl, = CHCH: ——> 


HF 
CCIF:CH2CH;s ——> CF;CH:2CHs 


PbF.4 
CF3;CCl = CCl, —— > CF3:CCIFCChF 


Henne has described the pressure 
equipment necessary for fluorination 
work and the need for copper, nickel, or 
stainless steel equipment in handling 
hydrogen fluoride reactions. 


Recent Advances 


More recently, Henne and his co- 
workers have prepared several new flu- 
orinated ester condensation products 
such as ethyl difluoroacetoacetate, triflu- 
oroacetylacetone, and hexafluoroacetyl- 
acetone (7). They also prepared the flu- 
orinatedester, ethyl 2,2-difluorobutyrate, 
which on hydrolysis yielded 2-mono- 
fluorocrotonic acid instead of the ex- 
pected 2,2-difluorobutyric acid. Other 
new acids prepared were 1,1-difluoro- 
propionic acid, 4,4-difluorohexanoic 
acid, and perfluoroadipic acid (8). 

The addition of hydrogen fluoride to 
unsaturated bonds has been carried out 


by Grosse and Linn (9). 


HF 
CH2=CH2 —> CH3sCH2F 


HF HF 
CH =CH —> CH:=CHF — > CH:CHF: 


Hass, McBee, and co-workers, since 
about 1940, have extended the work of 
Henne on the aliphatic fluorine com- 
pounds of ethane, propane, and butane, 
especially in the realm of vapor phase flu- 
orinations with hydrogen fluoride and 
fluorinations with hydrogen fluoride at 
higher temperatures and pressures. Very 
useful methods for the thermal bromina- 
tion and chlorination of CF;CH:2CHs; 
and CCIF;CH2CH; have been described. 
Some of the results of extensive research 
by these investigators during the war 


have been published (1, 10). 





HF 
CH2=CCl, ——> CH:CFs 
HF 
CHCl=CCl. ——> CF;CH.2Cl 
Bre 
CF;CH2zCHs ———> 
450°C 
CF3;CH2CH2Br and CF;CHBrCHs 
Cle 
CCIF2:CH2CHs > 
350-400°C 


CCIF:CH2CH:2Cl and CCIF2CHCICHs 


These authors have also prepared such 
fluorinated ethers as ROCF.CHCl,, 
ROCF.CH.Cl, and ROCF = CHC. Also 
of considerable interest is a series of 
polyfluorinated dibasic acids and 
amines. Dichloroperfluorocyclohexene 
was oxidized to perfluoroadipic acid, 
HOOC(CF,),COOH, which was con- 
verted to the ester, amide, and nitrile. 
The latter upon reduction yielded 
NH.CH.2(CF.)sCH,NHe. Of synthetic 
interest are the difluoroisopropy] halides, 
CHF,CHCICH; and CHF:CHBrCHs, 
which were prepared in poor yields. 

Bigelow and his students, since about 
1930, have developed methods for modi- 
fying the violent reaction of elemental 
fluorine with organic compounds and 
isolating the many products (11). 
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Ne 
CH;CHs: +F2 > 


Cu gauze 


CF;CHF:2, CHF:CHF2, CHF2CHeF, CFs and CoFs 
No 





CH;:COCHs: +F: 





> CF;:COCFs, 


Cu gauze 


CH:FCOCHs:, CFsCOF, (COF)2, COF: and CFs. 


During this same period, Simons and 
co-workers have also studied quite ex- 
tensively direct fluorination and the 
chemistry of hydrogen fluoride as a con- 
densing agent (11). 

In addition to the commercial uses of 
aliphatic fluorine compounds as refrig- 
erants, polymer intermediates, and in- 
sulating fluids, many other uses are antic- 
ipated. A comprehensive study of a 
large number of aliphatic fluorine com- 
pounds showed some of them to be effec- 
tive as anesthetics (12). Sodium fluoro- 
acetate, CH.FCOONa, is a potent ro- 
denticide. While most organic fluorine 
compounds are nontoxic, fluorinated cy- 
clopropane derivatives and fluorinated 
alcohols appear to be quite toxic. Inves- 


tigation of aliphatic fluorine compounds 
as insecticides is now actively under way. 
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5882 Adiponitrile BP 143-146°/6mm.....:................ 500 g...$ 7.00D 
NC(CH2)sCN. ..MW 108.14 

592%. 2-Chlorottionhene BP 126-127.5°................... 500 g 8.00 D 
aes et .. MW 118.59 

I ET i i sp eens tte twsirens 10 g 3.00 B 
1,2,4,5-(CH3)s4CeHe. .. MW 134.21 

P 5934 2-Ethylhexyl Chloride (Pract.) BP 171-173°.......... ie... 2302 

CH:(CH2)sCH(C:H;)CH2Cl. .. MW 148.67 

4607 «-p-Galacturonic Acid -H10.............. 100 g... 12.00 C 
CéHoO; *H20. .. MW 212.16 

5933 5-Methyl-A*-tetrahydrophthalic Acid MP 155-156°...100 g... 7.00 C 
ee eC HCOOH. ..MW 184.19 

SP1G. D-rermropnene MAP 42-46... i ec ene 10 g 1.50 A 
ile tala ach ..MW 129.14 

5904 Thiophene-2-carboxylic Acid MP 127-129°........... 10 g... 1L6OA 


WSs adele papa ..MW 128.15 











